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Abstract
In this paper we constructed superloop space duality for a four dimen-
sional supersymmetric Yang-Mills theory with N = 1 supersymmetry.
This duality reduces to the ordinary loop space duality for the ordinary
Yang-Mills theory. It also reduces to the Hodge duality for an abelian
gauge theory. Furthermore, the electric charges, which are the sources in
the original theory, appear as monopoles in the dual theory. Whereas,
the magnetic charges, which appear as monopoles in the original theory,
become sources in the dual theory.
1 Introduction
An important concept in the electromagnetism is the existence of the Hodge
duality. The symmetry and topological concepts inherent in field theories have
been analysed using this duality [1]-[4]. In fact, this duality has been thoroughly
studied and many interesting physical consequences arising from this duality
have also been analysed [5]-[13]. It is known that electrodynamics is dual under
Hodge star operation, ∗Fµν = −ǫµντρFµν/2. This is because the field tensor
for pure electrodynamics, Fµν = ∂νAµ − ∂µAν , satisfies, ∂
νFµν = 0. This
field tensor also satisfies the Bianchi identity, ∂ν∗Fµν = 0. This field equation
for pure electrodynamics can be interpreted as the Bianchi identity for ∗Fµν ,
because the Hodge star operation is reflexive, ∗(∗Fµν) = −Fµν . So, we can
express ∗Fµν , in terms of a dual potential, A˜, such that
∗Fµν = ∂νA˜µ − ∂µA˜ν .
It has also been known that the existence of magnetic monopoles is equivalent to
(electric) charge quantization which in turn is equivalent to the electromagnetic
gauge group being compact (i. e. U(1)) [14]. However, a non-abelian version
of this duality and its consequences for non-abelian monopoles can only be
analysed in the framework of loop space [15]-[16].
For Yang-Mills theory, the field tensor, Fµν = ∂νAµ − ∂µAν + ig[Aµ, Aν ],
again satisfies, DνFµν = 0, where Dµ = ∂µ − igAµ is the covariant derivative.
It also satisfies the Bianchi identity, Dν∗Fµν = 0. However, now this does
not imply the existence of a dual potential because the covariant derivative in
1
the Bianchi identity involves the potential Aµ and not some dual potential A˜µ,
appropriate to ∗Fµν = 0. In fact, it has been demonstrated that in certain
cases no such solution for such a dual potential exist even for the ordinary
Yang-Mills theory [15]-[16]. Thus, the Yang-Mills theory is not dual under the
Hodge star operation. However, it is possible to construct a generalized duality
transformation for the ordinary Yang-Mills theory in the loop space, such that
for the abelian case, it reduces to the Hodge star operation [17]-[18].
This duality has been used for studding ’t Hooft’s order-disorder param-
eters [19]. For any two spatial loops C and C′ with the linking number n
between them, and the gauge symmetry generated by the gauge group su(N),
the order-disorder parameters satisfy, A(C)B(C′) = B(C′)A(C)exp(2πin/N).
The magnetic flux through C is measured by A(C). So, it also creates an elec-
tric flux along C and is thus expressed in terms of the potential Aµ. However,
B(C) measures the electric flux through C, and thus creates magnetic flux along
C. So, it can only be expressed in terms of the dual potential A˜µ [20]-[21]. A
Dualized Standard Model has also been constructed using this duality [20]-[26].
In the Standard Model the fermions of the same type but different generations
have widely different masses. The CKM matrix is also not an identity matrix
and the off-diagonal elements of the CKM matrix vary in different magnitude
[27]. These facts can be explained using the Dualized Standard Model [28]-[29].
In fact, even the Neutrino oscillations [30], and the Lepton transmutations [31],
have been studied in the Dualized Standard Model. Polyakov loops have been
used for deriving this duality in non-abelian gauge theories [32]. In mathemati-
cal language Polyakov loops are the holonomies of closed loops in space-time. In
fact, in the physics literature they are called Dirac phase factors. Even though
they are defined via parameterized loops in space-time, they are independent
of the parameterization chosen. They are gauge group-valued functions of the
infinite-dimensional loop space. The main difference between a Polyakov loop
and a Wilson loop is that in the Wilson loop a trace is taken and no such trace
is taken in the Polyakov loop [32]. Thus, the Polyakov loops are by definition
elements of the gauge group. It may be noted that Wilsons loops for super-
Yang-Mills theory with N = 4 supersymmetry has also been constructed in
superspace formalism [33]. The Polyakov loops for three and four dimensional
supersymmetric Yang-Mills theories with N = 1 supersymmetry have also been
studied [34]-[35]. In this paper we will derive a supersymmetric duality for the
four dimensional supersymmetric Yang-Mills theory in the Wess-Zumino gauge.
2 Superloop Space
In four dimensional gauge theories with N = 1 supersymmetry, we can con-
struct a covariant derivative ∇A = DA − iΓA, where DA = (∂aa˙, Da, Da˙) and
ΓA = (Γaa˙,Γa,Γa˙) [36]. Furthermore, the Bianchi identity can now be written
as [∇[A, HBC)} = 0, where HAB = [∇A,∇B} = T
C
AB∇C − iFAB. Thus, again
for a supersymmetric Yang-Mills theory, no dual potential can be constructed.
However, as it is possible to derive a duality for the ordinary Yang-Mills the-
ory in loop space, we will derive a duality a supersymmetric Yang-Mills the-
ory in superloop space formalism. We will derive our results in Wess-Zumino
gauge, and impose the constraint Faa˙ = Fab = Fa˙b˙ = 0. Now can we define
ξ(s) = (σµξµ(s))
aa˙θaθa˙ + ξ
a(s)θa + ξ
a˙(s)θa˙, and so we have ξ
A = (ξaa˙, ξa, ξa˙)
2
[36]. We have to used this parameterization of the superloop space as we are
analysing a theory with N = 1 supersymmetry in four dimensions [35]. This
is because for a four dimensional gauge theory with N = 1 supersymmetry,
the gauge fields can be obtained from a super-connection which is given by
ΓA = (Γaa˙,Γa,Γa˙). The superloop space is constructed to analyse this the-
ory, and so we have chosen this particular form of parameterized. It may be
noted that if had considered supersymmetric theories with higher amount of
supersymmetry, we would have to take additional Grassmann coordinates into
consideration. In fact, Wilsons loops for such theories have been constructed by
taking these extra Grassmann coordinates into consideration [33]. This would
also occur if we were constructing superloop space in higher dimensions. Fur-
thermore, it has been demonstrated that three dimensional superloop space
requires a small number of Grassmann coordinates [34]. The superloop can now
be parameterized by ξA = (ξaa˙, ξa, ξa˙), along a curve C,
C : {ξA(s) : s = 0→ 2π, ξA(0) = ξA(2π)}, (1)
where ξA(0) = ξA(2π) is a fixed point on this curve. The space of all such super-
functions parameterizes the superloop space. A functional on this superloop
space can be constructed as [35]
Φ[ξ] = Ps exp i
∫ 2pi
0
[
Γaa˙(ξ(s))
dξaa˙(s)
ds
+ Γa(ξ(s))
dξa(s)
ds
+ Γa˙(ξ(s))
dξa˙(s)
ds
]
= Ps exp i
∫ 2pi
0
ΓA(ξ(s))
dξA(s)
ds
. (2)
here Ps denotes ordering in s increasing from right to left and the derivative in
s is taken from below. This loop space variable is a scalar superfield from the
supersymmetric point of view, and can be projected to component superloops.
In particular, we have [Φ[ξ]]| = φ[ξ], which in Wess-Zumino gauge is given by
φ[ξ] = Ps exp i
∫ 2pi
0
Aµ(ξ(s))
dξµ(s)
ds
. (3)
We can also define the parallel transport from a point ξ(s1) to ξ(s2) along
path parametrized by ξ as
Φ[ξ : s1, s2] = Ps exp i
∫ s2
s1
ΓA(ξ(s))
dξA
ds
(4)
Now using Φ[ξ], we can define a gauge Lie algebra valued FA[ξ|s] as
FA[ξ|s] = iΦ
−1[ξ]δA(s)Φ[ξ]
= Φ−1[ξ : s, 0]HAB(ξ(s))Φ[ξ : s, 0]
dξB(s)
ds
, (5)
where δA(s) = δ/δξ
A(s) = (δ/δξaa˙(s), δ/δξa(s), δ/δξa˙(s))). Here we first fol-
lowed a path to s and then turn backwards along the same path. Thus, the
phase factor for the segment of the superloop beyond s did not contribute and
HAB(ξ(s)) was obtained because of the infinitesimal circuit generated at s.
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It is convenient at this stage to define a functional curl and a functional
divergence for these superloop space variables as
(curl F[ξ|s])AB = δA(s)FB [ξ|s]− δB(s)FA[ξ|s],
div F[ξ|s] = δA(s)FA[ξ|s]. (6)
These superloop variables are highly redundant and have to be constrained
by an infinite set of conditions which can be expressed by the vanishing of the
superloop space curvature [35], GAB[ξ, s] = (curl F[ξ|s])AB+i[FA[ξ|s],FB[ξ|s]] =
0. Now we construct EA[ξ|s] from FA[ξ|s] as follows,
EA[ξ|s] = Φ[ξ : s, 0]FA[ξ|s]Φ
−1[ξ : s, 0], (7)
So, EA[ξ|s] is obtained from a parallel transport of FA[ξ|s]. Thus, EA[ξ|s]
depends only on a segment of the loop ξ(s) around s and is therefore a segmental
variable rather than a full loop variable. However, when this segment shrinks
to a point, we have EA[ξ|s] → HAB(ξ(s))dξB(s)/ds. This limit has to be
taken only after all the loop operations such as loop differentiation has been
performed. This is because all these loop operations require a segment of the
loop on which they can operate. Now we can define a functional curl and a
functional divergence for EA[ξ|s] as
(curl E[ξ|s])AB = δA(s)EB [ξ|s]− δB(s)EA[ξ|s],
div E[ξ|s] = δA(s)EA[ξ|s]. (8)
We first note that
δA(s
′)EB [ξ|s] = Φ[ξ : s, 0][δA(s
′)FB [ξ|s]
+iΘ(s− s′)[FA[ξ|s], FB [ξ|s]]]Φ
−1[ξ : s, 0], (9)
where iΘ(s − s′) is the Heavisde function. So, the superloop space curvature
can now be written as GAB[ξ, s] = Φ[ξ : s, 0](curlE[ξ|s])ABΦ
−1[ξ : s, 0] and thus
the constraints can be fixed as (curlE[ξ|s])AB = 0.
3 Duality
For ordinary gauge theories, it is possible to construct a duality using loop
space formalism, such that it reduces to the Hodge star operation for the
abelian case [17]-[18]. In this section we will further generalize this duality
from a ordinary Yang-Mills theory to a supersymmetric Yang-Mills theory.
In order to achieve this we define a new variable E˜A[η|t] which is dual to
EA[ξ|s]. Here η is another parameter loop which is parameterized by t, and
η(t) = ηa(t)θa+(γ
µηµ(t))
abθaθb. We have used a different labels for the param-
eters of the superloop space, i.e., t and η(t) instead of s and ξ(s) to distinguish
the parameters that parameterizing the dual superloop space from the parame-
ters that parameterizing the original superloop space. So, the parameters t and
η(t) parameterizing the dual superloop space and the parameters s and ξ(s)
parameterizing the original superloop space. This dual variable is constructed
as follows,
ω−1[η(t)]E˜A[η|t]ω[η(t)] = −
2
N
ǫABCD
dηB(t)
dt
∫
DξdsEC [ξ|s]
dξD(s)
ds
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×[
dξF (s)
ds
dξF (s)
ds
]−2
δ(ξ(s)− η(t)), (10)
where N is a normalization constant. In the tensor ǫABCD, the variables
A,B,C,D take all the possible spinor values i.e., A = (aa˙, a, a˙), B = (bb˙, b, b˙), C =
(cc˙, c, c˙), D = (dd˙, d, d˙). Here ω[η(t)] is a local rotational matrix which accounts
for transforming the quantities from a direct frame to the dual frame. In the
integral EC [ξ|s] depends on a little segment from s− to s+, such that the limit
ǫ → 0 is taken only after integration, where ǫ = s+ − s−. As we may need
to calculate the loop derivative of E˜A[η|t], so we regard E˜A[η|t] as a segmental
quantity depending on a segment from t− to t+ and only after differentiation
the limit ǫ′ → 0 is taken, where ǫ′ = t+− t−. This limit is taken before the limit
ǫ→ 0 for the integral. Thus, we can take ǫ′ < ǫ, and the δ-function now ensures
that ξ(s) coincides from s = t− to s = t+ with η(t). After the limit is taken
and the segment shrinks to a point, we have EA[η|t] → H˜AB(η(t))dηB(t)/dt.
Here H˜AB can be constructed from a dual potential. Thus, this superloop space
duality implies the existence of a dual potential Γ˜A = (Γ˜aa˙, Γ˜a, Γ˜a˙), such that
[∇˜A, ∇˜B} = H˜AB where ∇˜A = DA − iΓ˜A.
It may be noted that if we used [Φ[ξ]]| = φ[ξ] as the loop space variable,
then this duality would reduce to the ordinary duality for the ordinary Yang-
Mills fields. So, if we use [Φ[ξ]]| = φ[ξ] as the loop space variable, then we
can construct Eµ[ξ|s] from Fµ[ξ|s], where Fµ[ξ|s] is the loop space connection
corresponding to loop variable [Φ[ξ]]| = φ[ξ], in the Wess-Zumino gauge. Then
E˜µ[η|t], which is dual to Eµ[ξ|s], is given by
ω−1[η(t)]E˜µ[η|t]ω[η(t)] = −
2
N
ǫµντρ
dην(t)
dt
∫
DξdsEτ [ξ|s]
dξρ(s)
ds
×
[
dξσ(s)
ds
dξσ(s)
ds
]−2
δ(ξ(s)− η(t)), (11)
If we let the segmental width of E˜µ[η|t] go to zero, then we can write
ω−1[x]F˜µν [x]ω[x] = −
2
N
ǫµντρ
∫
DξdsEτ [ξ|s]
dξρ(s)
ds
×
[
dξσ(s)
ds
dξσ(s)
ds
]−2
δ(x − ξ(s)), (12)
Here we first do the integration before taking the limit to zero. Thus, in the
abelian case, when we take the the limit ǫ→ 0, we obtain [18]
F˜µν [x] = −
2
N
ǫµντρ
∫
DξdsFτλ[ξ(s)]
dξλ(s)
ds
dξρ(s)
ds
×
[
dξσ(s)
ds
dξσ(s)
ds
]−2
δ(x− ξ(s))
= −
1
2
ǫµντρFτρ[x]. (13)
Now identifying F˜µν with
∗Fµν , we obtain the Hodge star operation for ordi-
nary electrodynamics. Thus, for the ordinary abelian gauge theory, this duality
reduces to the usual Hodge duality.
5
4 Sources and Monopoles
We will shown in this section that this duality in the superloop space transforms
the electric charges, which are the sources in the original theory, into monopoles
in the dual theory. It also transforms the magnetic charges, which are monopoles
in the original theory, into sources in the dual theory. In order to prove this
result, it is useful to first show that this duality is invertible. This can be
demonstrated by first defining EA[ζ|u] as,
ω−1[ζ(u)]EA[ζ|u]ω[ζ(u)] = −
2
N
ǫABCD
dζB(u)
du
∫
DηdtE˜C [η|t]
dηD(t)
dt
×
[
dηF (t)
dt
dηF (t)
dt
]−2
δ(η(t) − ζ(u)), (14)
where ζB(u) is a new loop parameterized by u. Now we define A
A[ζ(u)] as
AA[ζ(u)] =
2
N
ǫABCD
dζB(u)
du
∫
Dηdtω−1[η(t)]E˜C [η|t]ω[η(t)]
×
dηD(t)
dt
[
dηF (t)
dt
dηF (t)
dt
]−2
δ(η(t)− ζ(u))
= −
4
N
ǫABCD
dζB(u)
du
∫
DηDξdtds
dηD(t)
dt
dηQ(t)
dt
×
[
dηX(t)
dt
dηX(t)
dt
]−2
δ(η(t) − ζ(u))EW [ξ|s]
×
dξE(s)
ds
[
dξY (s)
ds
dξY (s)
ds
]−2
δ(ξ(s)− η(t))ǫCQWE . (15)
Thus, we obtain,
ω−1[ζ(u)]EA[ζ|u]ω[ζ(u)] = −
2
N
ǫABCD
dζB(u)
du
∫
DηdtE˜C [η|t]
dηD(t)
dt
×
[
dηF (t)
dt
dηF (t)
dt
]−2
δ(η(t) − ζ(u)). (16)
Now identifying ζ(u) with ξ(s), we obtain the desired result that this duality is
invertible. Now if we compare Eq. (10) to Eq. (16), we observe that that Eq.
(10) transforms the original superloop space variable to the dual superloop vari-
able, and Eq. (16) inverts that transformation, transforming the dual superloop
variable to the original superloop space variable. Hence, this transformation is
invertible.
The color electric charge is the source term in the supersymmetric Yang-
Mills theory. Thus, it can be defined as the non-vanishing of ∇CHBC . Alter-
nately, it can also be defined as the non-vanishing of divF [ξ|s]. Furthermore,
as divE[ξ|s] = Φ[ξ : s1, 0]divF [ξ|s]]Φ−1[ξ : s1, 0], so the color electric charge
can also be defined as the non-vanishing of divE[ξ|s]. Similarly, as the the color
magnetic charge is a monopole in the supersymmetric Yang-Mills theory, it is
characterized by non-vanishing of GAB [ξ, s]. So, the color magnetic charge can
be defined as the non-vanishing of (curlE[ξ|s])AB . A monopole in the dual the-
ory is also characterized by non-vanishing of (curlE˜[η|t])AB , and a source in the
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dual theory is defined as the non-vanishing of divE˜[η|t]. So, under the duality
transformation a electric charge in the original theory should appear as a mag-
netic monopole in the dual theory. So, the non-vanishing of divE[ξ|s] should
imply the non-vanishing of (curlE˜[η|t])AB . Furthermore, a magnetic monopole
in the original theory should appear as the source term in the dual theory. So,
the non-vanishing of (curlE[ξ|s])AB should imply the non-vanishing of divE˜[η|t].
Now as η(t) coincides with ξ(s) from s = t− to s = t+, so we can write
δ
δηM (t)
(
ω−1[η(t)]E˜A[η|t]ω[η(t)]
)
ǫMANP
= −
2
N
ǫABCD
dηB
dt
∫
Dξds
δEC [ξ|s]
δξM (s)
dξD
ds
×
[
dξF
ds
dξF
ds
]−2
δ(ξ(s)− η(t))ǫMANP . (17)
Here we have performed the integration by parts with respect to Dξ. This
expression can be simplified to the following expression,
(
ω−1[η(t)](curlE˜[η|t]ABω[η(t)]
)
= −
1
N
∫
DξdsAAB(t, s)divE[ξ|s]
×
[
dξF
ds
dξF
ds
]−2
δ(ξ(s)− η(t)), (18)
where
AAB(t, s) =
[
dηC(t)
dt
dξD(s)
ds
−
dηD(t)
dt
dξC(s)
ds
]
ǫABCD. (19)
Now if divE[ξ|s] = 0, then (curlE˜[η|t])AB = 0. As the duality is invertible, we
can also show that if divE˜[ξ|s] = 0, then (curlE[η|t])AB = 0. So, an electric
charge which is a source in the original theory appears as a monopole in the
dual theory, and magnetic charge which is a source in the dual theory appears
as a monopole in the original theory.
5 Conclusion
In this paper we have analysed a four dimensional pure Yang-Mills theory with
N = 1 supersymmetry in superloop space formalism. We have constructed a
generalized duality in superloop space, for this theory. Under this generalized
duality transformation the electric charges which appear as sources in the orig-
inal theory become monopoles in the dual theory. Furthermore, the magnetic
charges which appear monopoles in the original theory become sources in the
dual theory. This duality reduces to the ordinary loop space duality for or-
dinary Yang-Mills theory. As the loop space duality for ordinary Yang-Mills
theory reduces to the Hodge star operation in the abelian case, so, this gen-
eralized duality transformation also reduces to the Hodge star operation for
ordinary electrodynamics.
It may be noted that the existence of a duality for ordinary Yang-Mills
theory has many interesting physical consequences [21]-[29]. It will be interest-
ing to construct a supersymmetric version of these results using the results of
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this paper. Thus, the results of this paper can be used to construct a super-
symmetric Dualized Standard Model. It will also be interesting to analyse the
phenomenological consequences of this model. The supersymmetric Standard
Model contains a supersymmetric matter action coupled to the supersymmetric
gauge theory. Thus, we will need to couple a supersymmetric matter action
to the supersymmetric gauge theory, and then use this formalism to construct
a supersymmetric Dualized Standard Model. In particular, we expect to have
a dual symmetry corresponding to the super-gauge symmetries of the super-
symmetric Standard Model. It will also be interesting to generalize the results
of this paper to theories with greater amount of supersymmetry. The results
obtained in this paper can also be used for analysing monopoles in the ABJM
theory [37]. It may be noted that the supersymmetry of the ABJM theory is
expected to get enhanced because of monopole operators [38]-[39]. Thus, the
formalism developed in this paper could find application in the supersymmetry
enhancement of the ABJM theory.
References
[1] T. T. Wu and C. N. Yang, Phys. Rev. D 14, 437 (1976)
[2] C. Montonen and D. Olive, Phys. Lett. 72B, 117 (1977)
[3] M. Halpern, Nucl. Phys. B139, 477 (1978)
[4] S. Deser, J. Phys. A, Math. Gen. 15, 1053 (1982)
[5] S. Strominger, Nucl. Phys. B343, 167 (1990)
[6] C. G. Callan, J. A. Harvey and A. Strominger, Nucl. Phys. B359, 611
(1991)
[7] M.J. Duff and J.X. Lu, Nucl. Phys. B354, 129 (1991)
[8] M.J. Duff and J.X. Lu, Nucl. Phys. B357, 534 (1991)
[9] E. Alvarez, L. A. Gaume, and Y. Lozano, Nucl. Phys. B424, 155 (1994)
[10] J. H. Schwarz and A. Sen, Nucl. Phys. B411, 35 (1994)
[11] D. H. Delphenich, Ann. Phys. 14, 347 (2005)
[12] D. C. Rodrigues and C. Wotzasek, Phys. Rev. D74, 085027 (2006)
[13] A. Sen, Nucl. Phys. B404, 109 (1993)
[14] P. A. M. Dirac, Proc. Roy. Soc. London A133, 60 (1931)
[15] C. H. Gu and C. N. Yang, Sci. Sin. 28, 483 (1975)
[16] C. N. Yang, Phys. Rev. D1, 2360 (1970)
[17] H.M. Chan, J. Faridani and S.T. Tsou, Phys. Rev. D52, 6134 (1995)
[18] H.M. Chan, J. Faridani and S.T. Tsou, Phys. Rev. D53 7293 (1996)
[19] G. ’t Hooft, Nucl. Phys. B138, 1 (1978)
8
[20] H.M. Chan and S.T. Tsou, Phys. Rev. D57, 2507, (1998)
[21] H. M. Chan and S.T. Tsou, Phys. Rev. D56, 3646 (1997)
[22] H.M. Chan and S.T. Tsou, Int. Jour. Mod. Phys. A14, 2173 (1999)
[23] H. M. Chan and S.T. Tsou, Acta. Phys. Polon. B28, 3027 (1997)
[24] H. M. Chan and S.T. Tsou, Acta. Phys. Polon. B33, 4041 (2002)
[25] H. M. Chan, Int. J. Mod. Phys. A16, 163 o(2001)
[26] H. M. Chan and S.T. Tsou, Acta. Phys. Polon. B28, 3041 (1997)
[27] M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652, (1973)
[28] J. Bordes, H. M. Chan, J. Faridani, J. Pfaudler and S. T. Tsou, Phys. Rev.
D58, 013004 (1998)
[29] J. Bordes , H. M. Chan, J. Faridani, J. Pfaudler and S.T. Tsou, Phys. Rev.
D60, 013005 (1999)
[30] J Bordes, H. M. Chan, J. Pfaudler and S. T. Tsou, Phys. Rev. D58, 053003
(1998)
[31] J. Bordes H. M. Chan and S. T. Tsou, Phys. Rev. D65, 093006 (2002)
[32] A. M. Polyakov, Nucl. Phys. 164, 171 (1980)
[33] N. Beisert, S. He, B. U. W. Schwab and C. Vergu, J. Phys. A45, 265402
(2012)
[34] M. Faizal, Euro. Phys. Lett. 103, 21003 (2013)
[35] M. Faizal and S. T. Tsou, Euro. Phys. Lett. 107, 20008 (2014)
[36] S. J. Gates J, M.T. Grisaru, M. Rocek and W. Siegel, Front.Phys. 58, 1
(1983)
[37] O. Aharony, O. Bergman, D. L. Jafferis and J. Maldacena, JHEP. 0810,
091 (2008)
[38] O. K. Kwon, P. Oh and J. Sohn, JHEP. 0908, 093 (2009)
[39] A. Gustavsson, JHEP. 1101, 037 (2011)
9
